Studies indicate that major deficiency in the levels of monoaminergic transmitters is a reason for severe depression. On the other hand, it is shown that Carthamus tinctorius L. (CT) may improve neuropsychological injuries by regulation of the monoamine transporter action. Hence, the present study was undertaken to evaluate the involvement of monoaminergic systems in antidepressant-like effect of CT extract in the tail suspension test (TST) in mice. Materials and Methods: The mice were intraperitoneally (IP) treated with CT extract (100-400 mg/kg) 1 hr before the TST. To investigate the involvement of monoaminergic systems in antidepressant-like effect, the mice were treated with receptor antagonists 15 min before CT extract treatment (400 mg/kg, IP) and 1 hr before the TST. Results: Findings showed that CT extract (100-400 mg/kg, IP), dose-dependently induced antidepressant-like effect (P<0.001), but it was not accompanied by alterations in spontaneous locomotor activity in the open-field test. Pretreatment of mice with SCH23390, sulpiride, haloperidol, WAY100135, cyproheptadine, ketanserin and p-chlorophenylalanine (PCPA) inhibited the antidepressant-like effect of CT extract (400 mg/kg, IP), but not with prazosin and yohimbine. Coadministration of CT extract (100 mg/kg, IP) with sub-effective doses of fluoxetine (5 mg/kg, IP) or imipramine (5 mg/kg, IP) increased their antidepressant-like response. Conclusion: Our findings firstly showed that components (especially N-Hexadecanoic acid) of CT extract induce antidepressant-like effects by interaction with dopaminergic (D1 and D2) and serotonergic (5HT1A, 5-HT2A receptors) systems. These findings validate the folk use of CT extract for the management of depression.
Introduction
Depression affects a broad majority of the world population (1) . Severe depression is characterized by changes in behavior, energy, appetite, sleep, and weight (2) . It believes that a major deficiency in the levels of monoaminergic transmitters is one reason for severe depression (3). Meyers (4) described each of the drugs that can elevate the level of monoaminergic transmi tters in the central nervous system (CNS); it is a suitable choice for antidepressant action. Antidepressant treatments increased the synaptic levels of some monoaminergic transmitters, serotonin (5HT), noradrenaline (NA), or normalized their levels (5) . In addition, the dopaminergic system is modulated in depression therapy (6) . Drug treatments usually include tricyclic antidepressants (TCAs), selective serotonin reuptake inhibitors (SSRIs), monoamine oxidase inhibitors (MAOIs), and specific serotonin-noradrenaline reuptake inhibitors (SNRIs) (7) . These drugs are efficient in the treatment of depression but their usage is restricted due to their side effects (8) . It is necessary to find new antidepressants with more efficiency and lower side effects for exploring their efficiency in combination with common antidepressants. Hence, medicinal plants and their extracts may be a suitable choice for treatment of psychiatric disorders, because they have demonstrated psychotherapeutic activity in a broad range of animal models (9) .
Carthamus tinctorius L. (CT), safflower, is a member of the family Compositae (or Asteraceae), which is mainly cultivated for its seed and it is suitable for the production of edible oil and birdseed. CT is generally used to promote circulation and for treatment of diabetes in Iranian traditional medicine (10, 11) . In addition, our previous studies (12) have demonstrated that CT extract attenuates some aspects of morphine withdrawal signs.
Zhao et al. (13) found a novel 5HT transporter preventer in CT which can improve neuropsychological diseases by regulating the serotoninergic transmitssion, thus they advised usage of CT for depression treatment. In another study, Zhao et al. (14) reported that CT extracts interact with activators of dopamine (DA), NA, and/or 5HT transporter preventers. They showed that CT extract may improve neuropsychological injuries by regulating the monoaminetransporter action. The tail suspension test (TST) is used for investigating the likely mechanisms in antidepressant-like effect in animal models. To the best of our knowledge, there is no study that investigates whether CT is modulated in antidepressant-like activity. Thus, our study was performed to evaluate the involvement of the monoaminergic system in antidepressant-like effect of CT hydroethanolic extract in TST in mice.
Materials and Methods

Preparation of carthamus tinctorius L. extract
Fresh CT flowers were procured from a local market and authenticated by a botanist in the School of Pharmacy, Tehran University of Medical Science, Tehran, Iran. The voucher specimen (TEH. 4548) was deposited at the herbarium of the same college. The CT was extracted as described by Zhao et al. for ethanolic extract of CT (14) . The percentage yield of the extract was approximately 5.9% w/w dry matter.
The gas chromatography-mass spectrometry analysis (GC-MS)
The GC-MS analysis of chemical constituents of the extract was detected using a Perkin-Elmer GC Clarus 500 system as previously explained by researchers (15) . This system was equipped with a VF-5 fused silica capillary column (30×0.25 mm id and film thickness 0.25 μm). For GC-MS detection, an electron ionization system with an ionizing energy of 70 eV was used. Helium gas (99.999% pure) was used as the carrier gas at a constant flow rate of ±1 ml/min and an injection volume of 1 μl was employed (split ratio of 120:1). Mass transfer line temperature was maintained at 220 °C. Injector temperature was 290 °C. The oven temperature was programmed from 50 °C to 150°C at 3 °C/min, then held isothermal for 10 min and finally increased to 300 °C. The relative percentage of the chemical constituents of ethanolic extract (i.e. CT) was expressed as percentage by peak area normalization. The chemical constituents for main components of CT are shown in Table 1 .
Drugs
The drugs used were as follows: SCH23390 (SigmaAldrich, St. Louis, MO, USA), sulpiride (Sigma-Aldrich, St. Louis, MO, USA), haloperidol (Caspian Tamin, Iran), prazosin hydrochloride (Razak Pharmaceutical Co, Iran), yohimbine hydrochloride (Iran Daru Co, Iran), p-chlorophenylalanine (PCPA; Sigma-Aldrich, St. Louis, MO, USA), WAY100635 (Sigma-Aldrich, St. Louis, MO, USA), ketanserin (Sigma -Aldrich, St. Louis, MO, USA), cyproheptadine (Amin Pharmaceutical Co, Isfahan, Iran), fluoxetine hydrochloride (Arya Pharmaceutical Co, Iran), and imipramine hydrochloride (Amin Pharmaceutical Co, Iran). In the present study, all drugs and extract were dissolved in normal saline (0.9%) and administrated intraperitoneally (IP) at a constant volume of 10 ml/kg, but SCH23390 was administrated by subcutaneous (SC) route. TST was seen 30 min after single injection of drugs and extract. 
Acute toxicity test
In the present study, the Lorke method (16) was used for acute toxicity test. After 24 hr fasting, thirtysix mice were divided into 6 groups (n=6 mice per group) and the mice received (IP) normal saline (10 ml/kg) and CT extract (500, 1000, 2000, 2500, and 3000 mg/kg of body weight). Thirty minutes posttreatment, the animals were individually considered for possible CNS associated behavioral parameters and signs of toxicity, which include but are not limited to tremors, paw licking, locomotor activity, convulsions, piloerection, bizarre behavior, sleepiness, salivation, injury, changes in physical appearance, any signs of illness or pain, diarrhea, stretching of the entire body, weakness, respiratory distress, coma, and mortality during 24 hr, with special attention given during the first 4 hr. This procedure was carried out three times weekly for 2 weeks, during which animal weights and deaths were also recorded (17) .
Tail suspension test
The total duration of immobility induced by tail suspension was calculated on the basis of known procedure (18) . Animals, both acoustically and visually isolated, were suspended 50 cm above the floor through adhesive tape positioned approximately 1 cm from the tip of the tail. The mice were separated into six groups and treated as follows (n=6 mice per group); Group I=normal saline (10 ml/kg, IP), Group II-IV= CT extract (100, 200, and 400 mg/kg; IP), respectively, Group V-VI= fluoxetine (20 mg/kg, IP) or imipramine (30 mg/kg, IP), respectively. In this test, the total duration of immobility time was recorded by a chronometer for 4 min after 2 min for accumulation. Reduction in immobility time was taken as a measure of antidepressant activity (19, 20) .
Examination of CT extract's possible mechanism of antidepressant-like effect
Investigation of the role of dopaminergic system in the antidepressant-like effect of CT extract. To examine the possible involvement of dopaminergic system in the antidepressant-like effect of CT extract, mice were pretreated with SCH23390 (a dopamine D1 receptor antagonist; 0.05 mg/kg, SC), sulpiride (a dopamine D2 receptor antagonist; 50 mg/kg, IP), haloperidol (non-selective DA receptor antagonist; 0.2 mg/kg, IP), 15 min before IP treatment of CT (400 mg/kg, IP) or vehicle (10 ml/kg, IP), 1 hr posttreatment, the mice were exposed to TST (21) (22) (23) (24) (25) .
Investigation of the role of serotonergic system in the antidepressant-like effect of CT extract
To investigate the possible involvement of 5HT in the antidepressant effect of CT extract in the TST, the mice were pretreated with PCPA (an inhibitor of 5HT synthesis; 150 mg/kg, IP) or saline, once a day for 3 consecutive days. Thereafter, the mice were treated with CT (400 mg/kg, IP), 15 min after the last pCPA, one-hour post-treatment mice were exposed to the TST (26) . In the other series of experiments, the involvement of the 5HT1 receptor subtype in the antidepressant effect of CT extract in the TST was evaluated. The mice were pretreated with WAY100135 (a selective 5HT1A receptor antagonist; 10 mg/kg, IP), 15 min later, animals were treated with CT (400 mg/kg, IP), 1 hr after treatment the TST was done (23) . Also, to investigate the contribution of 5HT2 receptor on the antidepressant effect of CT in the TST, mice were pretreated with ketanserin (a selective 5HT2A/C receptor antagonist; 5 mg/kg, IP) and cyproheptadine (5HT2A receptor antagonist; 3 mg/kg, IP) or saline and 15 min later, CT extract (400 mg/ kg, IP) was injected and after 1 hr, TST was performed (24, 27) .
Investigation of the role of noradrenergic system in the antidepressant-like effect of CT extract
To examine the possible involvement of noradrenergic system in the antidepressant-like effect of CT extract, mice were pretreated with prazosin (a α1-adrenoreceptor antagonist; 1 mg/kg, IP) and yohimbine (a α2-adrenoreceptor antagonist; 1 mg/kg, IP), 15 min prior to IP treatment of CT extract (400 mg/kg, IP) or vehicle (10 ml/kg), 1 hr post-treatments, the mice were exposed to TST (22, 25) .
Interaction of CT extract with common antidepressants in the TST
Sub-effective doses of fluoxetine (5 mg/kg, IP) and imipramine (5 mg/kg, IP) were injected 15 min prior to IP treatment of the sub-effective dose of CT extract (100 mg/kg, IP) and after 1 hr of coadministration mice were exposed to TST (28) .
Open field test (OFT)
All the mice in the method described by Brown et al. were evaluated for psychomotor stimulant activity. To determine the possible effect of the CT extract on exploratory behavior, the mice were exposed to the OFT (29) . Briefly, animals were individually positioned in a Plexiglas box (40×60×50 cm) the floor of which had been separated into 12 squares. We Values are presented as mean± SEM. ** and *** show significant differences between vehicle (control) and other groups at P<0. 01 and P<0.001, respectively. Significance level was analyzed by one-way ANOVA followed by Tukey's test recorded the number of crossings (squares crossed with all paws), and the number of rearings (rising with the front paws) using a counter for 5 min after 1 min for accumulation. The count of squares crossed by the mice with four paws was recorded as sign of locomotor activity, and the count of rearings was sign of exploratory behavior.
Statistical analysis
The data were presented as mean± standard error of the mean (SEM) (n=6) and analyzed using one-way or two-way analysis of variance (ANOVA), which was continued by Tukey's comparison test. We considered P<0.05 as statistically significant. All statistical analyses were also performed using Prism, version 7 (GraphPad Software, Inc., San Diego, CA, USA).
Results
GC-MS analysis data
The GC-MS analysis revealed 44 compounds (representing 91.76%) in the CT extract. The main component was N-hexadecanoic acid (19.88%), followed by linolenic acid (10.91%), gama sitosterol (9.54%), stigmasterin or stigmasterol (8.15%), hop-22(29)-En-3. Beta.-Ol (5.4%), hexadecal vinyl ether (4.17%), palmitin,2-mono (3.67), octadecanoic acid or stearic acid (3.62%), beta-amyrin (3.35%), methyl commate E (3.08%), methyl commate E (2.04), 2,3-dihydro-1H-cylonona[Def] biphenylene E (2.04), decosane (1.15%), trifluoroacetic acid, N-octadecyl ester (1.06%), dodecanoic acid (1.01%), and hexahydrofarnesyl acetone(1%) (shown in Table 1 ).
These components (16) accounted for 79.07% of the yield, while other detected components represented <1%.
Acute toxicity study
Normal behavior without any signs of toxicity was shown in the vehicle treated group. No weight changes were detected in animals. Moreover, we did not Values are presented as mean± SEM. *** shows significant differences between vehicle (control) and other groups at P<0.001. +++ compared with the extract group. Significance level was analyzed by two-way ANOVA followed by Tukey's test observe tremors, paw licking, convulsions, piloerection, bizarre behavior, changes in physical appearance, any signs of illness or pain, diarrhea, weakness, respiratory distress, coma, or any deaths even in acute doses of the CT extract, but behavioral signs of toxicity observed in high (2500-3000 mg/kg) doses of extract included: salivation, urination, stretching of the entire body, decrease locomotor activity, and sleepiness.
Tail suspension test
As shown in Figure 1 , acute IP administration of CT extract dose-dependently and significantly decreased [F (5, 30)=52.47; (P<0.001)] the duration of immobility time in the TST in mice. The maximal antidepressant action by the extract was obtained at a dose of 400 mg/kg, thus, this dose was used in later experiments. ANOVA showed that the CT extract and common antidepressants, fluoxetine and imipramine, did not have significant differences for immobility time. On the other hand, the reduction in time spent immobile with CT extract was similar to that of fluoxetine and imipramine-treated mice. 
Investigation of the serotonergic system
The effect of Pretreatment of animals with an inhibitor of 5HT synthesis (pCPA; 150 mg/kg), WAY100135 (10 mg/kg, IP), 5HT2A receptor antagonist (ketanserin; 5 mg/kg, IP), and cyproheptadine (3 mg/kg, IP) are shown in Figures 3A-D 
Investigation of the noradrenergic system
The effect of Pretreatment of animals with α1-and α2-adrenoceptor antagonists is presented in Figures 4A  and 4B , respectively. Pretreatment of animals with an α1-adrenoceptor antagonist (prazosin; 1 mg/kg, IP), Values are presented as mean± SEM. *** shows significant differences between vehicle (control) and other groups at P<0.001. +++ compared with the extract group. Significance level was analyzed by two-way ANOVA followed by Tukey's test and an α2-adrenoceptor antagonist (yohimbine; 1 mg/kg, IP) could not inhibit the antidepressant-like effect induced by the CT extract (400 mg/kg, IP) in the TST. Two-way ANOVA revealed no significant differences of prazosin Pretreatment 
Interaction of CT with sub-effective doses of common antidepressants in the TST
The results depicted in Figures 5A and 5B indicate that pretreatment with a sub-effective dose of CT (100 mg/kg, IP) was capable of increasing the effect of sub-effective doses of fluoxetine (5 
Open field test
Our findings did not show significant changes (P>0.05) in the counts of crossings ( Figure 6A ) and rearings ( Figure 6B ) in animals treated with CT (100-400 mg/kg; IP) as compared to the control group.
Discussion
Our findings, for the first time, revealed that the acute administration of CT extract by IP route induces a significant antidepressant-like activity in TST in mice. It is interesting that CT extract and common antidepressants, fluoxetine and imipramine, did not show significant differences in immobility time. Furthermore, the locomotor activity was not altered with CT extract in OFT. An increase in the locomotor activity is not a suitable response for antidepressant activity because the increase in the locomotor activity is a response of false positive. Moreover, our results demonstrate that CT extract antidepressant-like effect seems to be mediated by an interaction with the dopaminergic and serotonergic systems, but not with the adrenergic system. The TST is well known as a behavioral model for detection of antidepressant activity. In TST, mice were positioned in a predictable status, knowing that reduction in immobility time is an indicator for antidepressant-like action (18) . The TST is the index for discriminating the psycho-stimulant drugs from antidepressants (30) . To date, we could not find any study showing that CT extract is modulated in antidepressant-like activity. In agreement with our findings, other researchers demonstrated that some herbal extracts show antidepressant-like effects (31) (32) (33) .
Based on our GS-MS analysis data, N-Hexadecanoic (palmitic) acid is the major compound of CT extract. Similarly, researchers demonstrated that the NHexadecanoic acid was the main component of the CT extract (34) . N-Hexadecanoic acid is the most common saturated fatty acid (SFA) found in plants (35) . In addition, other SFAs (linolenic acid, octadecanoic acid, 2,3-dihydro-1H-cylonona, and methyl commate E) were separated and identified from CT extract. On the other hand, previous studies reported the antioxidant activity of SFAs (36, 37) . Apart from SFAs, phytosterols (i.e. stigmasterin and gammasitosterol) were identified from the CT extract. These components may also have contributed to the antioxidant activity of the CT extract (38) . However, other compounds were relatively minor. It is worth mentioning that different studies have demonstrated antidepressant-like activity of antioxidants (39, 40) . On the other hand, several researchers provide evidence for the cumulative antioxidant-promoting impacts of different classes of antidepressants (e.g. amitriptyline, venlafaxine, and fluoxetine), which may represent a universal mechanism of action that only involves potential target of antidepressant regulation (41) . Hence, it seems that antioxidant activity of CT extract components may contribute to its antidepressant-like activity.
Elhwuegi reported that monoamine neurotransmitters, NA, DA, and 5HT, modulate in the pathophysiology and treatment of depression (42) . It is well documented that most of the drugs used in the treatment of depression elevate levels of these monoamine neurotransmitters (43) . Our results showed that Pretreatment of animals with DA receptor antagonists, SCH23390, sulpiride, or haloperidol significantly prevented the reduction in immobility time elicited by the extract; suggesting that the dopaminergic system appears to be implicated in the antidepressant-like effects of the CT extract in TST in mice. This system modulates mood regulation and is efficient in the treatment of depression (6, 44) . Based on earlier studies, because the antagonists of the D1 and D2 receptor could inhibit antidepressant-like activity, researchers explained its role in depression (28, 45, 46) . Clinical investigations have suggested the use of D2 receptor agonists for the depression treatment (47) . Thus, CT extract can partly act by the dopaminergic system in the TST in mice. Monoamine transmitters, i.e. NA and DA, are crucial for the true activity of cognition, emotion, etc. (48) . It is important to mention that, Zhao et al. showed CT extracts interact with activators of DA, NA, and/or 5HT transporter preventers (14) . Thus, it is reasonable that CT extract, through these activators and inhibitors, may improve neuropsychological injuries (e.g. depression).
Pretreatment of mice with pCPA, WAY100135, ketanserin, and cyproheptadine inhibited the decrease in immobility time elicited by the CT extract; suggesting that the serotonergic system appears to be implicated in the antidepressant effects of CT extract in TST in mice. Some studies have introduced 5HT as the main neurotransmitter in depression because it modulates some signs of severe depression (e.g. memory) (49) . The 5HT1A receptors are directly involved in the clinical effect of antidepressants (50) because they are placed on the soma and dendrites of 5HT neurons in the dorsal raphe and prevent 5HT release (51). The 5-HT2 receptors that are located in the brain regions such as the hippocampus were associated with etiology of depression (52) . Studies have shown that ketanserin inhibits the antidepressant activity of some medicinal plants in the TST in mice (43, 53) . Our findings showed that there is a relation between the serotonergic system and CT extract in the TST. It is well accepted that tryptophan is the substrate of the 5HT synthesis and, on the other hand, study showed that CT extract prevents tryptophan breakdown (54) . Thus, the involvement of CT extract and serotonergic system may be due to suppression of tryptophan breakdown. Meanwhile, Zhao et al. indicated acoumaroylsper-midine analog isolate of CT, N 1 , N 5 -(Z)-N 10 -(E)-tri-p-coumaroylspermidine inhibits 5HT uptake (13) . It is concluded that CT interacts with the serotonergic system through prevention in tryptophan breakdown or 5HT uptake.
Our results indicated that Pretreatment of mice with an α1-adrenoceptor antagonist (prazosin) and α2-adrenoceptor antagonist (yohimbine) could not reverse the decrease in immobility time elicited by the CT extract in the TST in mice, suggesting noninvolvement of the noradrenergic system in antidepressant-like effect of the CT extract. Several studies have shown that the noradrenergic system is included in the pathophysiology of depression and the mechanism action of antidepressant agents (42, 55, 56, 58 ), but we cannot, unfortunately, find any study which shows the involvement of CT extract through the noradrenergic system. Considering the obtained results, it seems CT extract does not act by the noradrenergic system.
Our results also indicated that sub-effective dose of the CT extract (100 mg/kg, IP) could increase the antidepressant-like effect of common drugs (e.g. fluoxetine and imipramine) in a sub-effective dose (5 mg/kg, IP). Hence, we can suggest that the combination of CT extract with common antidepressants may be a promising approach for further studies on the treatment of depression. However, the isobologram analysis is needed to clarify any synergistic effects between them. Nevertheless, some researchers consider the adjuvant use of medicinal plants a promising choice for increasing the response and improving the efficacy of synthetic antidepressants and decreasing their side effects by allowing lower doses to be prescribed (57) . On the other hand, combining antidepressants from different classes represents an alternative strategy to exploit potential synergies among two or more independent thera-peutic mechanisms for treating resistant patients. The main advantage of the proposed approach is decreased doses of prescribed antidepressants and consequently the adverse side effects (58) . Thus, the sub-effective dose of CT extract, without side effects, in combination with common drugs (a sub-effective dose) can be used for depression treatment in commercial form.
Conclusion
The current study suggests that the antidepressantlike effect of the CT extract in the TST may be attributed, at least in part, to N-Hexadecanoic (palmitic) acid as a main component. However, other components could play a role in the antidepressant-like effect of CT extract and further studies should be designed to clarify the bioactive principles responsible for these activities. Moreover, our observations show that the CT extract demonstrates this effect mediated through the dopaminergic and serotoninergic systems. Also, CT extract can increase antidepressant-like effects of common antidepressant drugs, indicating that CT extract can improve the effectiveness of these drugs. Our findings validate the folk use of CT extract for the management of depression.
